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[57] ABSTRACT

A valve for dirccting flow of breath to and from a pa-
tient has a first port adapted to be connected to a
source of breath, a second port adapted to be con-
nected to a patient and first obturating means in the
form of a diaphragm for controlling flow between the
first and second ports. A passage in the valve 1s 1n con-
tinuous communication with the second port through
apertures in the diaphragm and second obturating
means formed by a further diaphragm controls flow
from the second port through the passage. The further
diaphragm 1is arranged to prevent flow through the
passage when the first-mentioned diaphragm 1s allow-
ing flow between the first and second ports.

12 Claims, 5 Drawing Figures
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1
VALVES

This invention relates to valves for du‘ectmg the flow
of breath:to and from a patient.
According to the invention there is provided a valve

for directing flow of breath to and from a patient, hav-

Ing a first port adapted to be connected to a source of

breath, a second port adapted to be connected to a
patient, first obturating means for. controlling flow be-
tween said first and second ports,-a passage in continu-
ous communication with said second port through said
first obturating means, and second obturating means
for controlling flow through said passage and arranged
to prevent flow through said passage when said first
obturating means allows flow between said first and
second ports. -

In order that the invention may be well understood,
an embodiment thereof, given by way of example only,
will now be described reference being had to the ac-
companying drawings, in which: '

FIG. 1 is a general perspective view of a valve in
accordance with the invention;

FIG. 2 1s an axial section of the same valve;

FIG. 3 is a partial view on the line III—III in FIG. 2;

FIG. 4 1s a plan of a diaphragm of the. valve; and

FIG. 3 1s a plan of an-alternative diaphragm.

Reterring now to the drawings, there is shown a valve
1 for directing the flow of breath to and from a patient.
The valve 1s provided with a port 2 for supplying the
patient with breath, which for example may be a mix-
ture of air and oxygen or anaesthetic gases, introduced
into the valve I through an inspiration port 3, and an
expiration port 4 through which expired breath from
- the patient passes after respiration.

Flow paths in the valve 1 are defined by passages in
a substantially disc-shaped valve body S having side
covers 6 and 7 threaded on to opposed sides 8 and 9
thereof at respective peripheral portions of the sides to
- form with the body S a valve housing. O-ring seals 10
and 11 are provided-between the covers 6 and 7 and
the body S to prevent the flow of breath between the
covers and the body. In the illustrated embodiment the
inspiration and expiration ports 3 and 4 are formed In
the body 5§ and are mutually diametrically 0pposed
The port 2 is formed in the cover 7. |

Breath, after passing through the inspiration port 3
flows into a chamber 12 in the body 5 and thence into
an annular channel 13 opening in the side 9 of the
body. It will be noted that the width of the chamber 12
increases as it approaches the channel 13. A generally
part annular chamber or passage 14 coaxial with the
channel 13 and disposed radially inwardly thereof ex-
tends through the body 5 between the stdes 8 and 9.
Whilst the chamber 14 is part-annular in cross-section
through most of its axial extent the portion 135 thereof
at the side 9 is circular in cross-section. A tapering
passageway 16 extends coaxially with and radially in-
wardly of the part annular portion of the chamber 14
and 1s connected to the expiration port 4 by a radially
extending duct 17. | |

Obturating means in the form of a dlaphragm 18
extends across the openings. of the chamber 14 and
passageway 16 on the side 8 of the body S and is se-
cured to the body by securing means shown as a band
19 intcgral with the edge of the diaphragm. A rigid disc
28 is incorporated into the outer surface of the dia-
phragm. The diaphragm 18 controls flow between the
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chamber 14 and passage 16, preventing flow therebe-
tween when in the position shown in FIG. 3 wherein the
portion of the diaphragm which 1s made flat and rigid
by the disc 28 engages with concentric circular rims 29,
30 and 31 formed as blunt knife edged projections, and
allowing flow therebetween when lifted from the rims.

This arrangement results 1in the eltmination of noisy

valve-diaphragm vibration, especially at low expiratory

gas flows. It should be understood that the intermediate
rim 30 1s not essential, the inner and outer rims 29 and
31 providing a satisfactory seat for the diaphragm, but
the intermediate rim 30 increases the effectiveness of
the seat.

A second obturatlng means In the form of a dia-
phragm 20 is secured to the other side 9 of the body by

chamber 12 to the port 2. The diaphragm 20, which 1s
best shown 1n FIG. 4 has a continuous outer periphery
22 which extends across the opening of the channel 13
on the stde 9 of the body and a central portion 23

provided with- a plurality of circumferentially spaced

apart apertures 24, which extends across the opening of
the portion 15 of the chamber 14.

The diaphragm 20 in FIG. 4 has eight apertures and
the alternative diaphragm 20’ shown in FIG. § is pro-
vided with four apertures. In both diaphragms 20 and
20’ the area between adjacent apertures is small such
as to present no substantial resistance to tlow between
the port 2 and the chamber 14.

The diaphragm 20 prevents flow between the cham-
ber 12 and port 2 when 1n the position shown in FIG. 2
and allows flow from the chamber 12 to the port 2
when lifted from the body. The apertures 24 in the
diaphragm 20 ensure that the port 2 is in continuous
flow communication with the chamber 14.

In operation, the diaphragm 20 1s lifted from the
body 5 when the pressure on the patient side of the
diaphragm 20 is less than that in the channel 13 and

‘breath is passed to the patient through the port 2 via a

chamber 235 between the diaphragm 20 and the cover
7. When the patient expires the diaphragm 20 closes
the path between the port 2 and the channel 13 and the

‘diaphragm 18 hfts from the body § against pressure in

a chamber 26, which is provided between the cover 6
and the diaphragm 18 and connected to the chamber

12 by channel 27, to permit expired breath to pass from

‘the chamber 14 to the expiration port 4 through the
passageway 16 and duct 17.:It will be understood. that

the pressure in the chamber 26 prevents the diaphragm

18 from lifting when the diaphragm 29 is allowing flow

from the port 3 to the port 2 and that the diaphragm 18
will lift to connect the port 2 with the port 4 when the
pressure in the chamber 14 is sufficient to overcome
the pressure in the chamber 26. |

By tapering the passageway 16, the area of the por-
tion of the diaphragm 18 within the inner rim 29, which
1S subjected to pressure through the port 4 (usually
atmospheric), 1s reduced so that it 1s markedly less than
the area of the remaining portion of the diaphragm 18
on the patient side thereof, and accordingly an increase
in pressure in the chamber 14, which acts on the re-
maining portion, during expiration, readily overcomes
the pressure acting on the other side of the diaphragm
from chamber 26. |

It will be readily appreciated that the described valve
1 can be used in the application of continuous positive
airways pressure (CPAP), that 1s when the inspiration

‘port is connected to a constant pressure source, and for
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the collection of expired breath during normal sponta-
neous respiration, intermittent positive pressure venti-
tation (IPPV), or spontaneous respiration while the
patient 1s on CPAP, since the diaphragm 18 1s arranged
to close communication between the ports 4 and 2
before the diaphragm 20 lifts to allow flow between
ports 3 and 2 and, thus, prevent rebreathing of expired
breath through the port 4, or escape ot gases from port
2 to port 4 during the inspiration phase.

A particular feature of the valve 1s the provision of
the diaphragms 18 and 20 which when made of a suit-
able resilient materal, for example latex, provide the
valve with a low operating resistance making it suitable
for use during spontaneous respiration and the con-
struction of the valve, particularly the provision of
continuous flow communication between the port 2
and the chamber 14, 1s such that the dead-space
therein, which occurs in the chambers 14 and 25, can
be minimized and this also makes the valve suitable for
usc during spontaneous respiration.

A safety feature of the valve is that the diaphragm 18
will lift to allow the patient to breath through the expi-
ration port 4 should the inspiration port 3, or the supply
line thereto (not shown) become blocked or kinked.

The body §, the disc 28 and the covers 6 and 7 are
preferably made of plastics material, though other ma-
terial may be utilized, and advantageously the body 1s
moulded in two halves in an acrylic material.

[ claim:

1. A valve for directing flow of breath to and from a
patient, having a first port adapted to be connected to
a source of breath, a second port adapted to be con-
nected to a patient, a third port adapted to convey
exhaled breath from the valve, a passage between said
second and third ports, a first obturating member for
controlling flow between said first and second ports,
said obturating member comprising a diaphragm se-
cured at its periphery and having an intact outer por-
tion ensuring unidirectional flow from said first port to
said second port and a central apertured portion for
allowing continuous communication between said sec-
ond port and said passage, and a second obturating
member for controlling flow between said passage and
said third port and arranged to prevent flow through
said passage when said first obturating member allows
flow between said first and second ports. |

2. A valve as claimed in claim 1, wherein the central
apertured portion 1s provided with circumfterentially
spaced apart apertures.

3. A valve for directing flow of breath to and from a
patient, having a first port adapted to be connected to
a source of breath, a second port adapted to be con-
nected to a patient, a third port adapted to convey
exhaled breath from the valve, a passage between said
second and third ports, a first obturating member for
controlling flow between said first and second ports,
through which obturating member said second port i1s
in continuous communication with said passage, and a
second obturating member for controlling flow be-
tween said passage and said third port and arranged to
prevent flow through said passage when said first obtu-
rating member allows flow between said first and sec-
ond ports, said second obturating member comprising a
diaphragm, one side of which 1s arranged to be sub-
jected, in use, to the pressure of flow through the first
port to urge said diaphragm into a closed position to
prevent flow from said passage, the pressure of which 1s
arranged to act on a first portion of the other side of

10

15

20

235

30

35

40

45

50

55

60

65

4

said diaphragm, a second portion of said other side
being subjected to pressure through the third port.

4. A valve as claimed in claim 3, wherein said first
portion is greater than said second portion.

5. A valve as claimed in claim 3, wherein said second
diaphragm has a substantially rigid flat portion ar-
ranged to engage with seating means in said closed
position.

6. A valve as claimed in claim 5, whercin said seating
means comprise blunt knife-edged projections.

7. A valve as claimed in claim 6, wherein said first
portion is annular and said second portion is disposed
inwardly thereof, said projections comprising an inner
rim engageable with the second diaphragm at the junc-
tton of said first and second portions and an outer rim.

8. A valve as claimed in claim 7 wherein said projec-
tions include a further rim intermediate said inner and
outer rims.

9. A valve for directing flow of breath to and from a
patient, having a first port adapted to be connected to
a source of breath, a second port adapted to be con-
nected to a patient, a third port adapted to convey
exhaled breath from the valve, a passage between said
second and third ports, a first obturating member for
controlling flow between said first and and second
ports, through which obturating member said second
port is in continuous communication with said passage,
said passage being part annular and surrounded by,
though separate from, a part annular channel which
connects said first port to said second port via said first
obturating member, and a second obturating member
for controlling flow between said passage and said third
port and arranged to prevent flow through said passage
when said first obturating member allows flow between
said first and second ports.

10. A valve for directing flow of breath to and from

‘a patient, having a first port adapted to be connected to

a source of breath, a second port adapted to be con-
nected to a patient, a third port adapted to convey
exhaled breath from the valve, a passage between said
second and third ports, a first obturating member for
controlling flow between said first and second ports,
through which obturating member said second port 1s
in continuous communication with said passage, and a
second obturating member for controlling flow be-
tween said passage and said third port and arranged to
prevent flow through said passage when said first obtu-
rating member allows flow between said first and sec-
ond ports, said second obturating member comprising a
diaphragm made of thin latex rubber, with a thin flat
substantially rigid disc fixed to its central portion and
arranged to engage with seating means when said sec-
ond obturating member is in the closed position.

11. A valve as claimed 1n claim 10, further including
a tapering passageway located radially inwardly of said
passage and in communication with said third port, and
wherein said seating means comprises an tnner annular
blunt knife-edged projection at the opening of sard
tapering passageway and an outer blunt knife-edged
annular projection at the opening of said passage, the
edges of said projections being co-planar.

12. A valve as claimed in claim 11, wherein an inter-
mediate blunt knife-edged annular projection is pro-
vided between said inner projection and said outer
projection, the edge of said intermediate projection
being co-planar with the edges of said inner and outer

projections.
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